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[Title of the Invention] Mesoporous silica, mesoporous silica complex, and process for 

producing the same 

[Abstract] 

Provided are a film-shaped mesoporous silica and a mesoporous silica complex that are 
superior both in selectivity to water/oil system and permeability (flux), superior also in 
thermal stability (hot water resistance), and favorably used as a ceramic film such as a 
separation film or the like especiaUy in the food processing and other industries where a 
hot- water sterilization treatment or the like is required, and a method of efficiently 
producing the same. 

The film-shaped mesoporous silica has uniform mesopores (micropores) having a 
functional group bound onto the surface and having an orderly periodic structure, 
characterized in that a hydrophobic group is introduced to the surface functional groups 
of the micropores. 
[What is Clauned is] 

[Claim 1] A film-shaped mesoporous silica having uniform mesopores (micropores) having 
a functional group bound onto the surface and having an orderly periodic structure, 
characterized in that a hydrophobic group is introduced to the surface functional groups 
of the micropores mesoporous silica. 

[Claim 2] The mesoporous silica according to Claim 1, wherein the hydrophobic group is 
an alkyl group having 1 to 6 carbons. 

[Claim 3] The mesoporous silica according to Claim 1 or 2, wherein the diameter of the 
micropores is 1.0 to 3.0 nm and the volume of the micropores is 0.5 to 1.0 cc/g. 
[Claim 4] The mesoporous silica according to any of Claims 1 to 3, wherein the 
hydrophobicity index in water adsorption test [amount of water absorbed when (p/pO) is 
0.9] is 50 cc/g STP or less. 
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[Claim 5] The mesoporous silica according to any of Claims 1 to 4, wherein the orderly 
periodic structure of mesoporous silica is preserved without breakdown even when the 
mesoporous silica is exposed to a hydrothermal environment at 90^C for 72 hours. 
[Claim 6] The mesoporous silica according to any of Claims 1 to 5, wherein the 
water/ethanol separation index in water/ethanol separation pervaporation test is 7 or 
more. 

[Claim 7] A mesoporous silica complex, having film-shaped mesoporous silicas according 
to any of Claims 1 to 6 laminated on a porous supporting material. 
[Claim 8] A method of producing a mesoporous silica characterized by blending and 
stirring a solution containing a surfactant and a solution or dispersion liquid containing a 
Si source, holding the gel generated in a tightly sealed container at a predetermined 
temperature, baking the resulting gel formed for removal of the surfactant, and subjecting 
the mesoporous material obtained to a hydrophobilizing treatment at a predetermined 
temperature. 

[Claim 9] The method of producing a mesoporous silica according to Claim 8, wherein the 
hydrophobilizing treatment is carried out by placing the mesoporous material in a tightly 
sealed container, adding a hydrophobilizing agent thereto to an extent that the mesoporous 
material is immersed, and holding the mesoporous material at a temperature of 60^C or 
more. 

[Claim 10] A method of producing a mesoporous silica complex, characterized by 
immersing a porous supporting material in a solution or dispersion liquid containing a Si 
source, adding the porous supporting material together with the solution or dispersion 
liquid containing a Si source to a solution containing a surfactant, holding the gel 
generated and the porous supporting material in a tightly sealed container at a 
predetermined temperature, baking the resulting gel formed for removal of the surfactant, 
and subjecting the mesoporous material obtained to a hydrophobilizing treatment at a 
predetermined temperature. 
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[Claim 11] The method of producing a mesoporous silica complex according to Claim 10, 
wherein the hydrophobilizing treatment is carried out by placing the mesoporous material 
in a tightly sealed container, adding a hydrophobilizing agent thereto to an extent that the 
mesoporous material is immersed, and holding the mesoporous material at a temperature 
of 60**C or more 

[Claim 12] A method of producing a mesoporous silica, characterized by blending and 
stirring a solution containing a surfactant and a solution or dispersion liquid containing a 
Si source having a hydrophobic group, holding the gel generated in a tightly sealed 
container at a predetermined temperature, and then baking the gel. 
[Claiml3] A method of producing a mesoporous silica complex, characterized by 
immersing a porous supporting material in a solution or dispersion liquid containing a Si 
source having a hydrophobic group, adding the porous supporting material together with 
the solution or dispersion liquid containing a Si source to a solution containing a 
surfactant, holding the gel generated and the porous supporting material in a tightly 
sealed container at a predetermined temperature, and baking the gel for removal of the 
surfactant* 

[Detailed Description of the Invention] 
[0001] 

[Technical Field] The present invention relates to a mesoporous silica, a mesoporous silica 
complex, and a process of producing the same. In particular, it relates to a mesoporous 
silica and a mesoporous silica complex that is superior both in selectivity to water/oil 
system and permeability (flux), superior also in thermal stability (hot water resistance), 
and favorably used as a ceramic film such as a separation film or the like especially in the 
food processing and other industries where a hot-water sterilization treatment or the like 
is required, and a method of efficiently producing the same. 
[0002] 

[Bacl^ound Art] Recently, mesoporous silicas containing uniform mesopores (having a 
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uniform micropore diameter) represented by MCM-41 (JP-A No. 5-503499) and FSM-16 
(J. Am. Chem. Soc, 114, 10834, 1992) are attracting a lot of attention. The mesoporous 
silicas, which are produced by using a micellar structure of a surfactant as a template, 
have a structure wherein micropores uniform in diameter at the nanometer size are 
distributed periodically; and the micropore diameter depends on the carbon-chain length 
of the surfactant. Accordingly, the mesoporous silicas have the advantages in the 
uniformity in micropore diameter and of allowing proper control of the micropore 
diameter. Because of the advantages described above, it is expected that a mesoporous 
silica film prepared from these mesoporous silicas becomes a high-fractionation separation 
film or a high-performance catalyst carrier; and S3^thetic methods for them were 
proposed (e.g., Chem. Cdmmun., 2147, 1998 and J. Memb. ScL, 182, 235, 2001). 
[0003] All inorganic films including the mesoporous silica films are generally superior in 
chemical and mechanical strengths compared to organic polymer films, and have been 
used recently in various applications. Among them, silicalite, a kind of zeolite, which 
exhibits a higher oU selectivity in water/oil systems, has been studied for application as a 
pervaporation fibn. For example, a hydrophobilized silicalite film ("Membrane" , 
22,205,1997), silylated MCM-41 and MCM-48 particles (J. Phys. Chem., B, 101, 9436, 
1997), and silylated MCM-41 particles (Chem. Lett. 1, 1999) were proposed. 
[0004] 

[Problem to be solved by the invention] However, silicalite has the drawbacks of the 
smaller-diameter pores and lower flux (permeability). It is necessary to use a porous 
material having larger pores for improvement in flux, but in such a case, the selectivity of 
the material decreases. In view of the tradeoff between improvements in flux 
(permeability) and selectivity, it is currently not possible to obtain an inorganic 
pervaporation fllm satisfying both of the properties. 

[0005] It is also not possible currently to obtain a film-shaped mesoporous silica satisfying 
the requirements in improving both flux (permeability) and selectivity, although some 
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sUylated mesoporous silica particles were proposed. 

[0006] In addition, mesoporous silicas are lower in thermal stability (hot water resistance) 
and thus have the problem that they cannot be used efficiently in the food processing and 
other industries where a hot-water sterilization treatment or the like is required. 
[0007] The present invention was made in view of the problems described above, and an 
object thereof is to provide a film-shaped mesoporous silica and a mesoporous silica 
complex that are superior both in selectivity to water/oU system and permeability (flux), 
superior also in thermal stability (hot water resistance), and favorably used as a ceramic 
film such as a separation film or the like especially in the food processing and other 
industries where a hot-water sterilization treatment or the like is required and a method of 
efficiently producing the same. 
[0008] 

[Summary of the Invention] After intensive studies to attain the object, noticing that it was 
necessary to control the diameter of micropores to a certain size in order, increase the 
hydrophobicity of the internal surface of micropores for improvement in selectivity and in 
thermal stability (hot water resistance) because water is involved in the breakdown of the 
mesoporous silica structure to overcome the antinomy between flux and selectivity, i.e., to 
increase selectivity while maintaining the flux, the present inventors have found that it was 
possible to attain the object by introducing a hydrophobic group to the functional groups 
on the micropore surface (for example, by substituting the OH groups on the micropore 
surface with an alkyl group having 1 to 6 carbons), and completed the present invention. 
Accordingly, the present invention provides the following mesoporous silicas and 
mesoporous silica complexes and the process of producing the same. 

[0009] [1] A film-shaped mesoporous silica having uniform mesopores (micropores) having 
a functional group bound onto the surface and having an orderly periodic structure 
characterized in that a hydrophobic group is introduced to the surface functional groups 
of the micropores mesoporous sUica. 
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[0010] [2] The mesoporous silica according to [1] wherein the hydrophobic group is an 
alkyl group having 1 to 6 carbons. 

[0011] [3] The mesoporous silica according to [1] or [2] wherein the diameter of the 
micropores is 1.0 to 3.0 nm and the volume of the micropores is 0.5 to 1.0 cc/g. 

[0012] [4] The mesoporous silica according to any of [1] to [3] wherein the hydrophobicity 
index in water adsorption test [amount of water absorbed when (p/pO) is 0.9] is 50 cc/g 
STPorless. 

[0013] [5] The mesoporous silica according to any of [1] to [4] wherein the orderly periodic 

structure of mesoporous silica is preserved without breakdown even after the mesoporous 

silica is exposed to a hydrothermal environment at 90^C for 72 hours. 

[0014] [6] The mesoporous silica according to any of [1] to [5] wherein the water/ethanol 

separation index in water/ethanol separation pervaporation test is 7 or more. 

[0015] [7] A mesoporous silica complex having multiple film-shaped mesoporous silicas 

according to any of [1] to [6] laminated on a porous supporting material. 

[0016] [8] A method of producing a mesoporous silica characterized by blending and 

stirring a solution containing a surfactant and a solution or dispersion liquid containing a 

Si source, holding the gel generated in a tightly sealed container at a predetermined 

temperature, baking the resulting gel formed for removal of the surfactant, and subjecting 

the mesoporous material obtained to a hydrophobilizing treatment at a predetermined 

temperature 

[0017] [9] The method of producing a mesoporous silica according to [8], wherein the 
hydrophobilizing treatment is carried out by placing the mesoporous material in a tightly 
sealed container, adding a hydrophobilizing agent thereto to an extent that the mesoporous 
material is immersed, and holding the mesoporous material at a temperature of 60^C or 
more. 

[0018] [10] A method of producing a mesoporous silica complex characterized by 
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immersing a porous supporting material in a solution or dispersion liquid containing a Si 
source, adding the porous supporting material together with a solution or dispersion liquid 
containing a Si source to a solution containing a surfactant, holding the sol and the porous 
supporting material generated in a tightly sealed container at a predetermined 
temperature, baking the resulting gel formed for removal of the surfactant, and subjecting 
the mesoporous material obtained to a hydrophobilizing treatment at a predetermined 
temperature. 

[0019] [11] The method of producing a mesoporous silica complex according to [10] 
wherein the hydrophobilizing treatment is carried out by placing the mesoporous material 
in a tightly sealed container, adding a hydrophobilizing agent thereto to an extent that the 
mesoporous material is immersed, and holding the mesoporous material at a temperature 
of 60®C or more. 

[0020] [12] A method of producing a mesoporous silica characterized by blending and 
stirring a solution containing a surfactant and a solution or dispersion liquid containing a 
Si source having a hydrophobic group, holding the gel generated in a tightly sealed 
container at a predetermined temperature, and then baking the gel. 
[0021] [13] A method of producing a mesoporous silica complex characterized by 
immersing a porous supporting material in a solution or dispersion liquid containing a Si 
source having a hydrophobic group, adding the porous supporting material together with 
a solution or dispersion liquid containing a Si source to a solution containing a surfactant, 
holding the gel generated and the porous supporting material in a tightly sealed container 
at a predetermined temperature, and baking the gel for removal of the surfactant. 
[0022] 

[Best mode for carrying out the invention] Hereinafter, embodiments of the mesoporous 
silica and the mesoporous silica complex according to the invention and the process of 
producing the same will be described respectively in detail. 
[0023] The mesoporous silica according to the present invention is a film-shaped 
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mesoporous silica having uniform mesopores (micropores) having a functional group 
bound onto the surface and having an orderly periodic structure, characterized in that the 
surface functional groups of the micropores are substituted with a hydrophobic group* 
[0024] The hydrophobic group for use in the present invention is, for example, an alkyl 
group having 1 to 6 carbons. 

[0025] Examples of the hydrophobilizing agents for introducing the hydrophobic group to 
the surface functional groups of mesoporous silica include silylating agents such as 
trimethylchlorosilane, triethylchlorosilane, and dimethylchlorosilane, and the like (the 
compounds above are used in method (a) of the process of producing the mesoporous silica 
according to the present invention described below). 

[0026] In addition, the methods of introducing a hydrophobic group, for example an alkyl 
group having 1 to 6 carbons, directly onto mesoporous silica include, for example, 
a method by using the alkylated silicon-containing compound described below (for 
example, methyl orthosilicate or the like) as a Si source (the compound above is used in 
method (b) of the process of producing the mesoporous silica according to the present 
invention described below). 

[0027] The hydrophobidty index as determined in the water adsorption test described 
below [amount of water absorbed when (p/pO) is 0.9] is preferably 50 cc/g STP or less. 
[0028] In addition, the separation index of the mesoporous silica according to the present 
invention as determined in the water/ethanol separation test described below is preferably 
7 or more. 

[0029] Further, the mesoporous silica according to the present invention preferably retains 
the orderly periodic structure of mesoporous silica without breakdown after the hot water 
resistance test described below. 

[0030] The mesoporous silica according to the present invention may be a mesoporous 
silica complex prepared by laminating the film-shaped mesoporous silica described above 
on a porous supporting material. 
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[0031] Examples of the porous supporting materials according to the present invention 
include porous materials of alumina, cordierite, zirconia, titania, stainless steel, and the 
like. 

[0032] The mesoporous silica according to the present invention may be produced, for 
example, by the following two methods: methods (a) and (b). 

[0033] The method (a) is characterized by having the steps of blending and stirring a 
solution containing a surfactant and a solution or dispersion liquid containing a Si source, 
holding the gel generated in a tightly sealed container at a predetermined temperature, 
baking the gel for removal of the surfactants, and subjecting the mesoporous material 
obtained to a hydrophobilizing treatment (introduction of a hydrophobic group) at a 
predetermined temperature. 

[0034] The hydrophobilizing treatment may be carried out, for example, by placing a 
mesoporous material in a tightly sealed container, adding a hydrophobilizing agent to the 
mesoporous material to an extent that the mesoporous material is immersed, and holding 
the mixture at a temperature of 60°C or more. The hydrophobilizing agents described 
above may be used in the treatment. 

[0035] An example of the process of producing a mesoporous silica complex by the method 
(a) is to hold a porous supporting material in a solution or dispersion liquid containing a Si 
source, add the porous supporting material and the solution or dispersion liquid 
containing a Si source to a solution containing a surfactant, heat the gel generated and the 
porous supporting material in a tightly sealed container at a predetermined temperature, 
immerse the mixture for removal of the surfactant, and subjecting the mesoporous 
material obtained to a hydrophobilizing treatment at a predetermined temperature. 
[0036] For example, the hydrophobilizing treatment can be performed by placing a 
mesoporous material in a tightly sealed container, adding a hydrophobilizing agent thereto 
to an extent that the mesoporous material is immersed, and holding the mesoporous 
material at a temperature of 60^C or more. The hydrophobilizing agents described 
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above may be used in the treatment. 

[0037] The method G>) is characterized by having the steps of blending and stirring a 
solution containing a surfactant and a solution or dispersion liquid containing a Si source 
having a hydrophobic group, for example an alkyl group having 1 to 6 carbons, holding 
the gel generated in a tightly sealed container at a predetermined temperature, and baking 
the product. 

[0038] An example of the method of producing a mesoporous silica complex by using the 
method (b) is a method characterized by immersing a porous supporting material in a 
solution or dispersion liquid containing a Si source having a hydrophobic group, for 
example an alkyl group having 1 to 6 carbons, adding the porous supporting material and 
the solution or dispersion liquid containing a Si source to a solution containing a 
surfactant, holding the gel generated and the porous supporting material in a tightly 
sealed container at a predetermined temperature, and then baking the product. 
[0039] By the methods of producing a complex described above, it is possible to form a 
thin film of mesoporous silica having a diameter of 1.0 to 3.0 nm on a porous supporting 
material. The thin film is resistant to exfoliation even when touched with a finger, 
superior both in selectivity and permeability, as weU as superior in heat stability. 
[0040] Examples of the surfactants for use in the present invention include 
cetyltrimethylammonium bromide (CTAB); cetyltrimethylammonium, cetyltrimethyl 
phosphonium, octadecyltrimethyl phosphonium, benzyltrimethylammonium, 
cetylpyridinium, myristyltrimethylammonium, decyltrimethylammonium, 
dodecyltrimethylammonium, and dimethyldidodecyl ammonium; and the like. 
[0041] Examples of the Si sources for use in the present invention include the first kinds of 
silicone compounds such as colloidal silica, sodium silicate, silicon alkoxide, 
tetramethylammonium silicate, and tetraethyl orthosilicate (TEOS), and the second kinds 
of silicone compounds such as methyl orthosilicate, ethyl orthosilicate, butyl orthosilicate; 
and the like. The first kinds of silicone compounds are used in the method (a), while both 
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the first and second kinds of silicone compounds are used in the method (b). When the 
first and second kinds of silicone compounds are used together (method (b)), the blending 
ratio of the second silicone compound, (second silicone compound)/(first silicone 
compound + second silicone compound), is preferably 0.05 to 0.5 by molar ratio. The 
hydrophobidty of the product may decrease at a blending ratio of less than 0.05, while the 
periodic structure thereof may be disturbed at a ratio of more than 0.5. 
[0042] Examples of the pH adjusters for use in the present invention include acids such as 
sulfuric acid and hydrochloric acid and alkalis such as sodium hydroxide and ammonia. 
The pH of the reaction solution in the production process is preferably adjusted in the 
range of 1 to 3 when an acid is used, and in the range of 10 to 13 when an alkali is used. 
[0043] In regard to the blending ratios of respective components for production of the 
mesoporous silica according to the present invention and the complex thereof, the blending 
ratio of the pH adjuster (sodium hydroxide) to the Si source (sodium hydroxide/Si source, 
molar ratio) is preferably 0.2 to 0.7 and more preferably, 0.4 to 0.6. In addition, the 
blending ratio of the surfactant to the Si source (surfactant/Si source, molar ratio) is 
preferably 0.03 to 1.0 and more preferably 0.04 to 0.6. 

[0044] Specifically, when the mesoporous silica is MCM-41, the ratio of sodium 
hydroxide/Si source (molar ratio) is preferably 0.4 to 0.6, and the ratio of the surfactant to 
the Si source (surfactant/Si source, molar ratio) is preferably 0.04 to 0.1. Alternatively 
when it is M CM-48, the ratio sodium hydroxide/Si source (molar ratio) is preferably 0.4 to 
0.6, and the ratio of the surfactant to the Si source (surfactant/Si source, molar ratio) is 
preferably 0.4 to 0.6. 

[0045] The temperature when the gel is formed during production of the mesoporous silica 
and the complex according to the present invention and the complex thereof is preferably 
in the range of room temperature to 30°C. If the temperature is higher, the gel may not 
be distributed into the micropores of porous supporting material. 
[0046] The reaction temperature during production of the mesoporous silica and the 
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complex according to the present invention and the complex thereof is preferably 20 to 
ISO'^C, and a reaction period of 48 hours is preferable at PO^'C. 

[0047] The baking during production of the mesoporous silica and the complex according 
to the present invention and the complex thereof is preferably performed at a temperature 
of 300 to SOO^'C, and a baking period of 5 hours is preferable at SOO'^C. 
[0048] 

[EXAMPLE] Hereinafter, the present invention will be described in more detail with 
reference to EXAMPLES, but it should be understood that the present invention is not 
restricted by these EXAMPLES at all. 
[0049] EXAMPLE 1 

Into a beaker, placed were 44 g of ion-exchange water, 5.83 g of a surfactant 
cetyltrimethylammonium bromide (CTAB), and 5.0 g of a pH adjuster of 4 mol/L NaOH; 
and the mixture was stirred at 30°C (solution 1). After 30 minutes, a base material 
previously immersed in 833 g of tetraethyl orthosilicate (TEOS) was added to the solution 
1 together with the TEOS, and the mixture was stirred at 30°C for 2 hours. The resulting 
gel and base material were left in a tightly sealed container at 90^C for 72 hours. The gel 
thus formed in the precipitated particle form (used for measurement of micropore and 
micropore volumes) and the film^deposited base material (used for water adsorption test, 
hot water resistance test, and water/ethanol separation test) were removed from the tightly 
sealed container and baked at SOO^C for 4 hours for removal of the surfactant. XRD 
diffraction analysis confirmed that the product was MCM-48. Blending ratios of 
respective components are summarized in Table 1. 

[0050] The MCM-48 film thus formed was placed in a tightly sealed container; 
trimethylchlorosilane (TMCS) was added thereto; and the mixture was left therein at 90®C. 
After 24 hours, the MCM-48 was separated and then dried for 24 hours. The MCM-48 
film containing an alkyl group having 1 to 6 carbons was analyzed in water adsorption test, 
hot water resistance test, and water/ethanol separation test. Results are summarized in 
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Table 1. 

[0051] COMPARATIVE EXAMPLE 1 

An MCM-48 film was prepared in a similar manner to EXAMPLE 1, except that the 
trimethylchlorosUane (TMCS) treatment was eliminated. Blending ratios of respective 
components are summarized in Table 1. In a similar manner to EXAMPLE 1, the 
MCM-48 film obtained was analyzed in water adsorption test, hot water resistance test, 
and water/ethanol separation test. Results are summarized in Table 1. 
[0052] EXAMPLES 2 to 4 

In a beaker, placed were 50 g of ion-exchange water, 0364 g of a surfactant CTAB, and 2.5 
g of a pH adjuster of 4 mol/L NaOH; and the mixture was stirred at 30^C for 30 minutes 
(solution 2). A mixed solution containing TEOS and methyl orthosilicate (MTES) 
prepared at a blending ratio shown in Table 1 and a porous alumina material previously 
immersed in the mixed solution was added to the solution 2; and the mixture was stirred at 
30^C. After 2 hours, the gel and porous alumina material formed were separated and left 
in a tightly sealed container at 90^C for 72 hours. After removal from the tightly sealed 
container, the gel and the porous alumina material formed were baked at 500^C for 4 
hours for removal of the surfactant. XRD diCFraction analysis confirmed that the 
product was MCM-41. In a similar manner to EXAMPLE 1, the MCM-41 fikn 
containing an alkyl group having 1 to 6 carbons thus prepared was analyzed in water 
adsorption test, hot water resistance test, and water/ethanol separation test. Results are 
summarized in Table 1. 
[0053] COMPARATIVE EXAMPLE 2 

An MCM-41 film was prepared in a simUar manner to EXAMPLE 2, except that the 
methyl orthosilicate (MTES) used in EXAMPLE 2 was eliminated. Blending ratios of 
respective components are summarized in Table 1. In a similar manner to EXAMPLE 1, 
the MCM-41 film obtained was also analyzed in water adsorption test, hot water 
resistance test, and water/ethanol separation test. Results are summarized in Table 1. 
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[0054] 
[Table 1] 





EXAMPLE 


COMPARATIVE 


1 


2 


3 


4 


1 


2 


Si source (1) 


Kinrl 


TEOS 


TEOS 


TEOS 


TEOS 


TEOS 


TCOS 


Amount (g) 


8. 33 


3. 7S 


3. 12 


2. 08 


8. 33 


4. 17 


Si source (2) 


Kind 


— 


MTES 


MTES 


MTES 


— 


— 






0.3 6 


0. 8 9 


1.7 8 






(1) / ((1) + (2» 





0. 1 


0. 25 


0. 5 








Surfactant 


Kind 


CTAB 


CTAB 


CTAB 


CTAB 


CTAB 


CTAB 


Amount (g) 


5. 83 


0. 364 


0.364 


0. 3 64 


5.8 3 


0. 364 


pH adjustor 


Kind 


NaOH 


NaOH 


NaOH 


NaOH 


NaOH 


NaOH 


Amount (g) 


5. D 


2. 5 


2. 5 


2. 5 


5. 0 


2. 5 


Hydrophobilizing agent 


TMCS 












Product 


Kind 


MCM-4a 


MOM -41 


MCM-41 


MCM-4-r 


MCM— 48 


IVICM-41 


Mesopore size 
(nm) 


2.6 


2.4 


1. 8 


1.2 


2.4 


2. 7 


Mesopore 
volume^ 

c c/g 


O. 8 


0.7 


0. 5 


O. 4 


0.9 


O. 8 


Water adsorption test 
(hydrophobicity index) 


Less than 
50 cc/gSTP 


Less than 
50 cc/gSTP 


Less than 
50 cc/gSTP 


Less than 
50 cc/gSTP 


350 cc/gSTP 


350 cc/gSTP 


Hot water resistance test 


structure, 
preservalioo 


Mnicture. 
prescnraiion 


^truciure. 
preservation 


— stmam^^ 

preservatioD 


Mructurai 
breakdown 


Mmctural 
breakdown 


Water/ethanol 
separation test by 
pervaporation 




1. 10 








2.9 5 




Water 


3. 48 








2 8.95 




S^Mration factor 


7. 3 








2. 3 





(Note) In the water/ethanol separation test of Table 1, the unit of ethanol is [mmol/m^s^] 
and the unit of water is [mmol/m^s^] ; the separation factor means a ratio of 
(ethanol/water); the temperature is room temperature; and a mixture solution of 10% 
ethanol and 90% water was used* 



[0055] Measurement of the micropore diameter and volume of the product, water 
adsorption test, hot water resistance test, and water/ethanol separation test were 
performed as described below. 

The micropore diameter was calculated by B JH method from the adsorption isotherm of 
N2 at 77K. The micropore volume was calculated from the amount of N2 absorbed at 
77K. 

Water adsorption test: A sample was placed in an air having an arbitrary water vapor 
pressure (p/pO), and the increase in the weight of sample was designated as the amount of 
water adsorbed. The test conducted was performed after the sample was previously 
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dried at 20O''C for 2 hours. 

Hot water resistance test: A mesoporous film formed on a porous alumina material was 
placed in a pressure container together with water, and the mixture was left at 90^C for 72 
hours. Preservation or breakdown of the structure was determined by visual 
observation. 

Water/ethanol separation test: The test was performed according to pervaporation method. 
Specifically, half of a film was inunersed in an aqueous ethanol solution (supply side), and 
the other half was sucked under reduced pressure by using a vacuum pump (permeation 
side). The permeate was collected in a liquid nitrogen trap and analyzed quantitatively 
by TCD gas chromatography. 
[0056] The tests above revealed the foUowings. 

Water adsorption test: The amounts of water absorbed in EXAMPLES 1 to 4 were smaller 
than those in COMPARATIVE EXAMPLES 1 and 2. The results confirmed that an alkyl 
group having 1 to 6 carbons was introduced onto the internal surface of micropores and 
thus the surface was hydrophobilized in the case of EXAMPLES 1 to 4. 
[0057] Hot water resistance test: As shown in Figs. 1(a) and 1(b), the mesoporous silica 
obtained in EXAMPLE 1 retained its original structure [Fig. 1(a)], while the mesoporous 
siUca obtained in COMPARATIVE EXAMPLE 1 had a destructed structure [Fig. 1(b)] . 
[0058] Water/ethanol separation test: The tests confirmed that the mesoporous silicas 
obtained in EXAMPLES 1 to 4 had a higher ethanol selectivity than that of the 
mesoporous silicas obtained in COMPARATIVE EXAMPLES 1 and 2. 
[0059] [Advantageous Effects of the Invention] 

As described above, the present invention provides a film-shaped mesoporous silica and a 
mesoporous silica complex that are superior both in selectivity to water/oil system and 
permeability (flux), superior also in thermal stability (hot water resistance), and favorably 
used as a ceramic film such as a separation film or the like especially in the food 
processing and other industries where a hot-water sterilization treatment or the like is 
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required, and a method of producing the same. 
[Brief Description of the Drawings] 

[Fig. 1] A graph showing X-ray diffraction patterns of mesoporous silicas before and after 
hot water resistance test. 
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